(2.2 -Dimethyl bicyclo 12.2.1 J hept-3-ylmet hyl) phosphinic acid ( R PO,H,) , readily prepared from camphene and hypophosphorous acid, formed a polymeric calcium salt [{Ca( RPO,H),( RPO,H,) ( H20)}J, with both terminal and triply bridging phosphinate groups, and an overall columnar structure with an inorganic core and a pseudo-close-packed sheath of terpene moieties.
The self-assembly of novel nanostructures using metal phosphates, phosphonates and phosphinates is an area of significant current interest, since such materials have applications in catalysis, ion exchange and sorptive processes. Specific examples include molecular sieve alumino-and gallo-phosphates, layered phosphonates having the ability to undergo shapeand enantio-selective ' intercalation reactions, and a vanadium phosphate which adopts a novel chiral double-helix structure.8 To date, however, studies have been largely restricted to salts of relatively simple, sterically non-demanding organophosphorus acids.
We recently reported the high-yield synthesis of the phosphinic and phosphonic acids, RP02Hz 1 and RP03H2 2 respectively (R = 2,2-dimethylbicyclo[2.2.l]hept-3-ylmethyl), from inexpensive camphene (2,2-dimethyl-3-methylenebicyclo-C2.2. llheptane) and hypophosphorous (phosphinic) acid H3P02.9 Unfortunately, the attempted preparation of chiral 1 starting from (Rj( +)-camphene yielded only racemic material, as a result of acid-catalysed racemisation of the camphene; the structural stability of the RH skeleton (compared to that of the parent camphene) does however suggest that optical resolution of the enantiomers of 1 and/or 2 may be possible. The ready availability of these new organophosphorus acids suggested that metal derivatives having both novel structures and potential for materials separations (including ultimately enantioselective separations) might be accessible. We wished to undertake preliminary investigations into the structural chemistry of such metal phosphinate salts, and some of these studies are presented here.
Reaction of the compound ( k )-1 t with 0.5 mol equivalent of Ca(NO3),.4HzO and an excess of urea (for pH control) for 5 d yielded a colourless solution which, upon slow evaporation, afforded colourless prismatic crystals. 1 These were characterised as the polymeric calcium salt [{Ca(RP02Hj2(RP02H2)-(H20)}J on the basis of a single-crystal X-ray study. § Owing to the relatively poor quality of the crystals, and the disorder of the R groups, arising from librational effects and possibly also from superposition of (+) and (-) enantiomers, the structure 7 Obtained by a modification of the previously reported route' by treating camphene with H,P02 (3 mol equivalents) in refluxing Pr'OH with a catalytic amount of benzoyl peroxide. The ( f )-phosphinic acid 1 has been fully characterised by NMR spectroscopy, electrospray mass spectrometry and by a single-crystal structure, full details of which will appear elsewhere.
1 A solution of Ca(N03),.4H,0 (0.585 g, 2.48 mmol) with compound ( k )-1 (1 .OO g, 4.95 mmol) and urea (1.5 g, excess) in reagent-grade methanol (30 cm3) was warmed to 65 "C for 5 d. The resulting solution was filtered to remove a small quantity of white solid, and the filtrate allowed spontaneously to evaporate, producing colourless needles which were filtered off, washed with cold methanol (2 x 10 cm3j and air dried, to give a polymeric calcium salt (0.568 g, 35% based on Caj (Found: C, 54.1; H, 9.7. C30H,,Ca0,P3 requires C, 54.4; H, 8.7%), fractures and turns opaque > 100°C, softens >210°C. 31P-{1H} NMR (MeOH, D,O external lock): 6 29.1 (sj.
determination is less precise than is usual (R = 0.148). A detailed discussion of bond parameters is therefore unfortunately precluded. Nevertheless, the overall structural features are clear and of interest.
The asymmetric unit formally consists of two Ca2 + ions, four RP02H-anions, two RP02H, molecules, and two water molecules, linked to form a buckled ladder-like chain polymer. The co-ordination geometries about the CaZ + ions are given in Fig. 1 . Each of the crystallographically distinct, but chemically equivalent, Ca2 + ions is six-co-ordinate, being bonded to one H 2 0 ligand, to two oxygen atoms from terminally bonded phosphinates, to two oxygen atoms which bridge symmetryrelated Ca2 + ions, and to one oxygen atom from a phosphinate which bridges between the two independent Ca2 + ions. There are two types of phosphinate groups. Two of them in the backbone of the ladder [labelled P(5) and P(6') in Fig. 11 are present as the anion RP02H-, and have one oxygen bonded terminally to one Ca2+ ion and the other oxygen doubly bridging the other Ca2+ ions. The other four ligands are terminally bonded, two to each of the two distinct Ca2+ ions. FormalIy, these are present as two RP02H-and two RP02H2, but the OH group of one ligand is hydrogen bonded to the free oxygen of an adjacent ligand, rendering them equivalent. The net result of these interactions is to generate a buckled ladder consisting of alternating four-membered Ca,O, and eightmembered Ca-0-P-O-ca-0-P-0 rings, supported by the P-0-H O=P hydrogen-bonding interactions between ligands on adjacent Ca2+ ions, which further serve to bind the chain together.
Inspection of a space-filling diagram, Fig. 2 , clearly indicates the dominance of the bulky R groups, which form a coherent, essentially 'close-packed' hydrocarbon sheath around the central hydrophilic inorganic Ca/O/P core. Individual chains therefore resemble an 'insulated wire'.
In contrast to metal phosphonates, relatively few metal derivatives of phosphinic (or dialkylphosphoric) acids have been structurally characterised, though chain polymers are common structural types for these types of materials.I2 The presence of additional neutral co-ordinated phosphinic acids in the present compound appears to be a new feature in the structural chemistry of such systems, and it seems reasonable to propose that the self-assembly is being largely directed by the space-filling requirements of the bulky R moieties.
Crystals of the polymer are soluble in methanol, and the 31P-('H} NMR spectrum of the resulting solution shows a single peak at 6 29.1, close to the predicted weighted-average position for two RPO,H-(6 ca. 26.5) and a RPO,H, (6 35.4), indicating that the polymeric structure is not retained in solution.
The simple synthesis of this self-assembled hybrid inorganicorganic structure suggests that other metal salts of these phosphinic and phosphonic acids will display interesting structural features, and these are currently under investigation. 
